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The mangrove a rea  of Senegal and Gambia c o n s i s t s  of i n t r a t i d a l  f l a t s  
with r i v e r a i n  mangrove f o r e s t  and ' t annes ' ,  e . i .  s a l i n e  marshes p a r t l y  
with bare  sur faces .  Thei r  s o i l s  are ac id  su lpha te  s o i l s ,  very shal lowly 
developed i n  pea ty  s u l p h i d i c  mud c l ays  and sands and s u b j e c t  t o  t i d a l  
flooding. The mangrove a r e a  covers a t o t a l  of 500,000 ha and i s  concen- 
trated i n  t h e  e s t u a r i e s  of t h e  Casamance, Gambia and t h e  Saloum. A t  
Present mangrove f o r e s t s  are absent  i n  the  d e l t a  of t h e  Senegal River. 
Tides are s a l i n e  throughout t he  year  i n  t h e  Casamance and Saloum estu- 
a r ies .  I n  the  Gambia and Senegal t h e  r i v e r  f low pushes back the  s a l i n e  
t ides during t h e  s h o r t  r a i n y  season from June/July t o  September/October. 
yean annual r a i n f a l l  p r i o r  t o  1972 ranged from 400 mm i n  the  North 
(Senegal e s tua ry )  t o  1550 mm i n  t h e  South (Casamance) bu t  s i n c e  1972 de- 
creased t o  less than 250 and 1200 m respec t ive ly .  Over t h e  same per iod 
panded a t  t h e  expense of t h e  mangrove f o r e s t .  
h 
s a l i n i t y  and a c i d i t y  have increased  and t h e  tanne a reas  have ex- 
s tud ie s  have been conducted s i n c e  1960 and have been i n t e n s i f i e d  
"ince about 1967 when a c i d i f i c a t i o n  problems i n  newly cons t ruc ted  pol- 
ders became acute .  
r r ad i t i ona l  small-scale  rec lamat ion  involved shal low drainage and 
during dry  seasons. Rice was grown on r a i s e d  beds cons t ruc ted  wi th  top 
'Oil only. The beds were desa l in i zed  seasona l ly  with t h e  f i r s t  r a i n s .  
used t o  be a more se r ious  hazard than a c i d i t y  i n  t r a d i t i o n a l  
, f looding  wi th  s a l i n e  water  t o  prevent  drying of subso i l s  
r i c e  f i e l d s .  
llodern, l a rge-sca le  polders  were designed t o  enable  t o t a l  exc lus ion  of 
s a l i n e  t i d e s  and d e s a l i n i z a t i o n  of s o i l s  by deep dra inage  and leaching 
with f r e s h  water s to red  i n  upstream r e s e r v o i r s .  This rec lamat ion  prac- 
t i c e  invoked an a c i d i f i c a t i o n  of t h e  s o i l  t h a t ,  wi th  t h e  a v a i l a b l e  
f a c i l i t i e s  f o r  water  management, could n o t  be kept  under c o n t r o l .  
The diminishing f r e s h  water  supply s i n c e  1972 increased  both s a l i n i t y  
and a c i d i t y  problems i n  t r a d i t i o n a l  and modern r i c e  polders .  I n  p a r t  of 
the  empoldered a reas  p roduc t iv i ty  might be r e s t o r e d  by combining con- 
t r o l l e d  s a l i n e  f looding  and c u l t i v a t i o n  on r a i s e d  beds wi th  a new systelil 
of f r e s h  water management aimed a t  shal low d e s a l i n i z a t i o n  and flooding, 
2 In t roduc t ion  
In  Senegal and Gambia t h e  mangroves are concentrated i n  the  e s t u a r i e s  oí 
t he  Saloum, Gambia and Casamance. The mangrove f o r e s t s  along banks and . 
beaches make p l ace  in land  f o r  ' t annes '  e .< .  a r eas  wi thout  o r  wi th  only 
low herbaceous vege ta t ion .  Both a reas  occur on t h e  same t i d a l  f l a t .  ~ 1 , ~  
tannes were o r ig i l l a l ly  a l s o  covered wi th  mangrove f o r e s t ,  much the  same 
as mangrove a reas  c l ea red  f o r  paddy and s a l t  product ion.  A l l  toge ther  
they a r e  r e f e r r e d  t o  i n  Senegal and Gambia a s  ' t h e  mangrove' and a s  
cover a t o t a l  su r f ace  of about 500,000 ha (Figure I ) .  
This inc ludes  t h e  e s tua ry  of t h e  Senegal River,  where mangrove f o r e s t s  
and tannes a s  such have disappeared,  bu t  where t h e i r  sub-recent ex i s t -  
ence i s  ev iden t  from t h e i r  remains i n  t h e  s o i l .  
figure I .  Mangrove a r e a  of Senegal  and Gambia 
y t , ~  so i l s  of t he  mangrove a r e a  have been s tud ied  s i n c e  t h e  e a r l y  s ix-  
t i c s ,  mainly i n  t h e i r  physiographic  conrext  (Bonfils and Faure 1961, 
o d i l l a c  1965, G i g l i o l i  and Thornton 1965, Charreau e t  a l .  1966, Gaucher 
1 ~ 6 7 ,  Durand 1967). They were recognized t o  be predominantly s a l i n e  ac id  
a,jlp}late s o i l s  a f t e r  acu te  a c i d i t y  problems developed i n  rec lamat ion  
pcujects.  These problems l e d .  t o  s p e c i f i c  s t u d i e s  of t h e  genes is  
ibrieillefon 1968ab, 1969, 1970a, 1971ab, 1972ab, 1973, 1974, V i e i l l e f o n  
Ec a l .  1973) and t h e  amel iora t ion  of these  s o i l s  (Beye 1972 ,  1973abcd, 
key& e t  a l .  1968, 1975, 1979, Touré 1981, Khouma and Touré 1981). 
~ s t e m a r i c  s o i l  surveys have been conducted s ince  1972 and a t  p re sen t  
soil  maps on s c a l e s  1/50,000 and 1/100,'000 and r e l e v a n t  physiographic  
d.d,-kground information a r e  a v a i l a b l e  f o r  t he  Casamance (Bodhisane 1974 , 
t k sg ius  1975, V i e i l l e f o n  1975, 1977) , t h e  Saloum (Marius 1975, Diop 
1978), the Gambia (Marius 1976, Dent and Raiswel l  1981, Thomas and -- 
rley 1981) and t h e  Senegal (Sedagri  1973, Marius 1975). Deta i led  maps 
1/20,000) have been made f o r  s p e c i f i c  reclamation p r o j e c t s  
igrouwers 1980, Marius and Aubrun 1980, Daffd and Toujan 1979, Marius 
1919, 1980). 1 
The quaternary geology has been s tud ied  i n  d e t a i l  by Kalck (1978). The 
dynamic cha rac t e r  of the ac id  su lpha te  s o i l s  has become e s p e c i a l l y  
apparent s ince  1972 when the  c l imate  became d r i e r .  The concomitant 
changes i n  vege ta t ion  and s o i l s  have been followed by t h e  au thor  from 
1973 t o  1978. I n  t h i s  paper t h e  main r e s u l t s  of t hese  l a t t e r  s t u d i e s  and 
of the s o i l  su rveys ' a r e  summarized. 
3 Environment 
Located between the  l a t i t u d e s  12' and 16' N, t h e  mangroves of Senegal 
and Gambia a r e  the  most no r the rn  mangroves of A t l a n t i c  type on t h e  West 
coast  of Afr ica .  They extend over about 500,000 ha,  ha l f  of which a r e  in 
t he  es tuary  of t he  Casamance and t h e  remainder i n  the  e s t u a r i e s  of the 
Gambia and the Saloum (Figure 1 ) .  
3. I Climate 
The climate i s  t r o p i c a l  w i t h  a long dry season of 7 t o  9 months 
(October/November t o  May/June) con t r a s t ing  wi th  a s h o r t  r a iny  season of 
3 to  5 months ( June /Ju ly  t o  September/October). Mean annual r a i n f a l l  
(1931-1960) v a r i e s  from more than 1500 mm i n  the  Casamance (humid-tropi- 
ca l )  t o  800-1000 mm i n  The Gambia and Saloum (dry- t ropical)  t o  l e s s  than 
400 mm i n  the  Senegal ( semi-ar id- t ropica l ) .  A c l i m a t i c  change toward 
a r i d i t y  has talcen p l ace  i n  t h e  Sahel ían  zone s i n c e  1968, and has a l s o  
a f f ec t ed  t h e  c o a s t a l  a r eas  (Table 1 ) .  
Table I .  Mean annual r a i n f a l l  be fo re  1960 and a f t e r  1968 (mm) 
i n  d i f f e r e n t  d e l t a s  
Delta:  Casamance Gambia Saloum Senegal 
1968 - 1977 1182 680 605 247 
1931 - 1960 1546 1067 807 373 
3.2  Vegetation 
rile dominant tree spec ie s  i n  t h e  i n t e r t i d a l  zone a r e  c h a r a c t e t i s t i c  f o r  
Lhe West African mangroves: Rhizophora racemosa, Rhizophora mangle, 
bvicennia a f r i c a n a ,  Languncularia racemosa and Conocarpus e r e c t u s .  Among 
herbaceous p l a n t s ,  mainly t h e  s u p r a t i d a l  and marshy ' t a n n e s ' ,  t h e  domi- 
n a n t  species  a r e  Sesuvium por tu lacas t rum,  Phi loxerus  ve rmicu la r i s ,  
paspalum vaginatum, Eleocharus mutata and E.  Carribea.  
Comparedato the  mangrove vege ta t ion  of t h e  more humic c o a s t a l  areas of 
Guinea and Sierra Leone, Avicennia n i t i d a  i s  sca rce  and t h e  ' tanne '  
areas a r e  l a r g e r  and more f r equen t ly  cha rac t e r i s ed  by hyper s a l i n i t y  and 
cile occurrence of bare  f l a t s  w i th  s a l t  c r u s t s .  
A typical  sequence of vege ta t ion  from r i v e r  bank t o  c e n t r a l  ' t annes '  o r  
10 higher upland t e r r a c e s  i s  as follows (Vie i l l e fon  1969) (Figure 8):  
- 
- Rh. mangle f o r e s t ;  
- 
- 
a t h i n  s t r i p  of Rhizophora racemosa; 
Avicennia a f r i c a n a  mixed wi th  Rh. mangle; 
a bare f l a t  without any vege ta t ion  due t o  hyper s a l i n e  cond i t ions ,  
l oca l ly  c a l l e d  ' t anne  v i f '  and h e r e  f u r t h e r  on ind ica t ed  as ba re  
I tanne ' ; 
a herbaceous marshy f l a t ,  l o c a l l y  c a l l e d  ' tanne herbacé'  and here:  
'herbaceous tanne'  . 
- 
file presence of f i b r o u s  r o o t s  of Rhizophora i n  t h e  s o i l  throughout t h e  
sequence i n d i c a t e s  t h a t  t h e  Avicennia f o r e s t  and the tanne have rep laced  
the Rhízophora f o r e s t .  The vege ta t ion  sequence t h e r e f o r e  has been de- 
scribed as  a chronosequence by V i e i l l e f o n  (1969). I n  t h i s  sequence t h e  
boundary between t h e  tanne and t h e  mangrove f o r e s t  coincided, a t  t h e  
time of desc r ip t ion ,  wi th  t h e  l i m i t  of t h e  d a i l y  t i d a l  inundat ions .  I n  
clle bare ' t anne ' ,  only h i g h e s t  t i d e s  flooded t h e  su r face .  
In t h i s  la t ter  s u p r a t i d a l  zone t h e .  s a l i n i t y  of groundwater and s o i l  was 
tile highest  of t h e  sequence. The mangrove fo re s t - t anne  l i m i t  w a s  assoc i -  
a t ed  with a s t eep  g r a d i e n t  i n  t h e  s o i l  s a l i n i t y  b u t  n o t  wi th  any con- 
spicuous drop i n  s o i l  pH. Although the  s o i l s  a r e  p o t e n t i a l  ac id  su lpha te  
, goils, i n  t h e  n a t u r a l  condi t ions  p r i o r  t o  t h e  r ecen t  c l i m a t i c  drying' 
trend, t h e  f i e l d  pH of s o i l s  always exceeded 4.8 i n  t he  c e n t r a l  tanne - - +.r-- _. 
-Y d Z" ' and 5.5 a t  the  boundary of mangrove f o r e s t  and tanne. 
3.3 Hydrological p a t t e r n s  
Sedimentary and geomorphic c h a r a c t e r i s t i c s  i n  the  mangrove a reas  of t h e  
Casamance, Gambia and Saloum a r e  l a r g e l y  determined by t h e  t i d a l  cur- 
r en t s  and t o  a l e s s e r  e x t e n t  by d ischarge  of t he  r i v e r s .  I n  t h e  Senegal 
d e l t a  con t inen ta l  i n f luences  e .g .  wind blown sands,  and f l u v i a t i l e  de- 
p o s i t s  dominate and t i d a l  cu r ren t s  e n t e r  only during t h e  dry season. 
Tida l  cu r ren t s  a r e  f e l t  up t o  526 km from t h e  mouth of t he  Gambia, up t o  
217 km from t h e  mouth of t h e  Casamance. A t  p r e sen t  t h e  Saloum i s  only an 
arm of the  sea  without apprec i ab le  f r e s h  water d i scharge  from the  land. 
Mean t i d a l  amplttudes a r e  of t h e  order  of 1 t o  1.5 meters ,  wi th  sp r ing  
t i d e  amplitudes of maximally 2.5 meters .  Storm f loods  do n o t  occur ,  
though winds and wave-action become f o r c e f u l  dur ing  r a i n  storms and 
cause abras ion  of windward banks and beaches. Undercutting of banks by 
t i d a l  cu r ren t s  and a c c r e t i o n  i n  q u i e t  water a r e  common phenomena. 
Currents permanently ca r ry  heavy sedimentary loads and i n  t h e  main 
channels and along the  coas t  mud banks s h i f t  r e g u l a r l y .  On wind-exposed 
banks and beaches sand i s  s o r t e d  ou t  and thrown up a s  beach r idges  by 
the s u r f  and subsequently i s  blown up t o  form dunes. 
Tidal f l a t s  with mangrove f o r e s t  b u i l d  up t o  s l i g h t l y  below mean h igh  
t i d e  l e v e l  w i t h  sediments cons i s t ing  mainly of heavy c l ay ,  except i n  the 
Saloum es tua ry  where clay conten ts  a r e  lower and very f i n e  sand predomi- 
na t e s .  
The Gambia River has an important catchment bas in  (Figure 1) and a f r e sh  
water f l o w  which pushes back t h e  s a l i n i t y  f r o n t i e r  t o  near  t he  r i v e r  
mouth i n  the  ra iny  season and d i l u t e s  t h e  s a l i n e  t i d e s  i n  t h e  dry .season 
(Table 2).  The Gambia has a main channel t h a t  widens r e g u l a r l y  towards 
the ocean, taking up consequently a l l  the  a f f l u e n t s  of i t s  lower 
reaches.  The mangrove f l a t s  l i n e  t h e  c reek  and r i v e r  banks over a w i d t h  
of a few k i lometers  and r a r e l y  extend t o  form minor and i s o l a t e d  d e l t a s  
of i s l ands  and networks of channels.  
Table 2. S a l i n i t y  (mS/cm) of main channels (E.C s e a  water:  46 ms/cm) 
7 ’  3 
Saloum 1978 Casamance 1978 Gambla 1975 ~ 
35 km upstream 60 km upstream 130 km upstream 
115.5 88.7 22.1 Dry season 
68.8 44.7 0 .4  Rainy season 
The Casamance River (Figure 1 ,  Table 2) has a very smal l  catchment bas in  
and even i n  t h e  r a iny  season i t s  flow of f r e s h  water i s  hard ly  a b l e  t o  
d i l u t e  t h e  s a l i n e  t i d e s .  I n  t h e  dry  season the  s a l i n i t y  i n  i t s  main 
channel i s  h igher  than t h a t  of s e a  water. The mangrove a reas  of t he  
upper t i d a l  reaches a r e  r i v e r a i n  f l a t s  of s e v e r a l  k i lometers  width,  
extending towards t h e  lower reaches t o  form d e l t a s  wi th  i s l a n d s  and 
r e t i c u l a t e  c reek  p a t t e r n s  and f l a t s  over tens  of k i lometers .  
The Saloum es tua ry  (FiguFe I ,  Table 2)  c o n s i s t s  of l a r g e  mangrove f l a t s  
intersected by an i n t r i c a t e  network of t i d a l  channels,  hard ly  inf luenced  
by r i v e r  water even during t h e  r a i n y  season. S a l i n i t y  of t h e  waters  
exceeds t h a t  of s ea  water throughout t h e  year .  
Hydrological condi t ions  i n  t h e  Senegal e s tua ry  a r e  marked by con t r a s t ing  
seasonal a l t e r n a t i o n s  o f  s a l i n e  t i d a l  regimes and f r e s h  water f looding .  
Original clayey t i d a l  f l a t s  a r e  p r e s e n t l y  overrun by con t inen ta l  dunes 
and p a r t l y  reworlced by b ra id ing  r i v e r  courses.  Large a reas  have become 
land-locked and cut  o f f  from t i d a l  i n f luences .  Ground wa te r s ,  however, 
remain s a l i n e .  
3 . 4  Geology 
Figure 2 i l l u s t r a t e s  t h e  t y p i c a l  r e l a t i o n s  between c o n t i n e n t a l  t e rmina l  
and marine and fluvio-marine depos i t s  of t h e  mangrove a r e a ,  according t o  
k l c k  (1978). I n  t h e  mangrove area the  c o n t i n e n t a l  bedrock, mainly sand- 
&tone, occurs under unconsolidated mud c l ays  and sands wi th  a depth up 
10 20 meters. The chemical composition of t h e  muds v a r i e s  l i t t l e  among 
€]le es tua r i e s  a p a r t  from t h e i r  Si02 content ,  which i s  r e l a t e d  t o  vary?ng 
. , wounts of quar tz  (Table 3 ) .  The muds a r e  r e l a t i v e l y  poor i n  Ca, K and 
w;ast t race elements. 
- -  - 




‘igure 2.  Schematic c ros s  s e c t i o n  of t h e  Casamance es tuary  
* )  11’ 7 .  Mean chemical composi t ion of mud samples 
‘ C  ’ I - 
t larine d e p o s i t s  n o t  i n f luenced  . 
by mangrove v e g e t a t i o n  Samples f rom mangrove f l a t s  
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Sn 34 38 . 26 20 l i ,  - 
The c lay  f r a c t i o n  of 0.1-0.5 pm i s  composed mainly of k a o l i n i t e  and 
smectite.  The k a o l i n i t e  i s  der ived  from the  upland sandstones and t h e  
smectite i s  of marine o r i g i n .  The r e l a t i v e  propor t ion  of t hese  c l ay  min- 
. e ra l s  i n  mud samples from a l l  t he  e s t u a r i e s  enabled t h e  recons tructrion 
of t he  paleogeographical  evo lu t ion  of t he  mangrove a r e a  (Kalck 1978) . 
,-3- 5 - 7 ’  - 
4 
4 . 1  P r o f i l e  development 
I n  t h e  Casamance and Gambia e s t u a r i e s  t he  parent  material c o n s i s t s  
mainly of peaty,  s u l f i d i c  mud c lay ;  i n  t h e  Saloum area pea ty ,  s u l f i d i c  
very f i n e  sandy muds predominate. T o t a l  sulphur  conten t  i s  normally 
above 5%. Pure pea t  l aye r s  a r e  common. The p e a t  cons i s t s  mainly of 
f ib rous  r o o t  remains of Rhizophora spec ies .  I n  t h e  sandy muds of Saloum, 
s h e l l  fragments may occur a t  80 cm below the  p re sen t  sur face .  
P r o f i l e  development (Figure 3) i s  predominantly shal low and determined 
by f requent  inundat ions of s a l i n e  t i d e s ,  by predominantly shallow 
ground wa te r t ab le s  which excded 50 cm depth only f o r  s h o r t  pe r iods ,  and 
seasonal  ac id  su lpha te  s o i l  formation.  Phys ica l  r i pen ing  of t h e  pa ren t  
ma te r i a l  muds i s  incomplete even i n  most top s o i l s  and s t r u c t u r a l  peds 
hard ly  develop. The more conspicuous morphometric d i f f e r e n t i a t i o n  i n  the 
p r o f i l e s  p e r t a i n s  t o  mot t l ing ,  decomposition of organic  mat ter ,  a c t i v i t y  
o f  l i v i n g  r o o t s  and animals and seasonal  f l u c t u a t i o n s  i n  s a l i n i t y  and 
a c i d i t y .  A s  t i d a l  i n f luence  decreases ,  p r o f i l e  d i f f e r e n t i a t i o n  extends 
t o  a g r e a t e r  depth and has  a more permanent cha rac t e r  due t o  increased  
seasonal  f l u c t u a t i o n s  of t h e  ground water tab les  through p r e c i p i t a t i o n  
and evapot ranspi ra t ion .  This  r e s u l t s  i n  a r egu la r  sequence of s o i l  pro- 
f i l e s  from creek banks in land ,  concurrent  with vege ta t ion  sequences 
which are determined by t h e  same g rad ien t  of t i d a l  i n f luences  (Figure 
3) .  I n  t h e  Senegal e s tua ry ,  s o i l  p r o f i l e  development i n  t h e  f luv io-  
marine c l ays  i s  much more advanced due t o  l a r g e , s e a s o n a l  ground water 
f l u c t u a t i o n s  and exc lus ion  of t i d a l  in f luences .  
4 . 2  Phys ica l  c h a r a c t e r i s t i c s  (Table 4 a ,b )  
The bulk of t h e  s o i l  mater ia l  i n  t h e  Casamance and t h e  Gambia e s t u a r i e s  
i s  made up of heavy c l ay  wi th  many inc lus ions  of f ib rous  Rhizophora 
r o o t s  and of coarser  woody material. The mineral  f r a c t i o n  conta ins  more 
than 50% c lay .  Bulk d e n s i t i e s  of 0.3 t o  0.6 are common and water con- 
t e n t s  a r e  normally above 100%. A s  a r e s u l t  of a high macroporosity, 
l a t e r a l  and v e r t i c a l  permeabi l i ty  i s  high and t i d a l  waves pervade s o i l  
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2 Rhizophora racemosa 7 tanne, bare, with saline crust 
3 Rhizophora mangle 8 Sesuvium portulacastrum 
4 Avicennia africana 9 PaspaIum vagiinatum 
10 Eliocharus species 
--- 
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Figure 3 .  S o i l  p r o f i l e  development and vege ta t ion  sequerrcc 
1 l ?  
T a b l e  4a. A n a l y t i c a l  d a t a  O E  some p o t e n t i a l l y  a c i d  s u l p h a t e  s o i l s  
S o i l  pH F u l v i c  Humic S a t u r a t e d  e x t r a c t  
Depth C l a y  S i l t  Sand M o i s t u r e  Bu lk  Eh F r e s h  A i r -  a c i d .  a c i d .  T o t a l  S EC pH Fez03 A l z o ?  
cm % % % C o n t e n t  % d e n s i t y  mV d r i e d  C%o N%o CIN C%o C%o % ms/cm mgll mpll 
HALIC SLlLFIKEMISTS r u  
40 4.4 4.6 
O- 20 69.3 23. 1.0 285 0.3 -160 7 .  3.  151 4.6 26. 17.2 1.6 
50- 7 0  66.6 29.5 1.1 I55 0.4 -180 7 .  2.7 97 2.2 16.6 18.7 3.6 4.1 155 2.4 5250 4800 




4 .  I 
< 0 - 2 0  54.8 40.8 4.4 320 0.21 -170 7.1 2.1 86 2.7 31.7 
5 0 - 7 0  58.6 37 .2  4.2 138 0.43 -190 7 .  2.4 44.4 1.6 28.1 3 80-100 62.1 32.7 5.1 150 0 .38  -120 7.2 3.2 28. 1.2 23.1 
85 3.4 
61 2.6 785  780  
HALIC SULFAQUENTS 
O- 20 70  27.2 2.8 130 0.56 -170 6.9 3.4 47.8 2.  23.9 2.68 1.88 3.1 9 20- 4 0  66.8 29.1 4.1 -180 6.6 2.5 47 1.5 31.1 3 2.36 8.8 260 2.6 2950 190 
0.56 -180 6.6 2.3 25.4 I .  24.7 1.88 1.8 6.2 325 2.4 2300 190 
cn 60- 80 69.6 28.1 2.3 123 ' 2  
80-110 7 2  25.2 2.4 -180 6.6 2.6 22.6 I .  23.3 3 .08  0.52 6.6 
1.9 2.6 64  3.7 
4 2 0 - 4 0  66.8 31.9 1.3 170 0.39 -200 6 .1  2.5 78  2.8 27.8 4.  2.2 2.8 113 2.7 ' 40- 6 0  66.5 31.7 1.8 173 0.39 -180 6.2 2.7 96 2.6 36.1 4.1 3 .  6.0 118 2.5 
80-100 66.8 32.5 0.7 180 0.38 , - 1 8 0 ,  6.3 2.2 37 1.7 21.4 3.6 4.1 3.1 123 2.9 
O- 20 64.6 31.2 4.0 85 0.59 .-I60 6.1 3.6 46.4 2.  22.5 2 
3 
2. I 70 
7.2 2.  24.2 1.52 15.9 3 . 2 .  7 0  
2 60- 80  36.5 25.5 37 77 7.3 2.1 40.6 2.02 20.1 3.7 I30 
CA 80-100 38.6 25 36 123 7.2 2. 52.6 2.75 19.1 3 .3  130 . 
O- 20 23 20 56.5 22 7 .  3.5 18.2 1.27 14.3 
20- 40 24 29 47.5 77 5 
-x 
SULFIC HALAQUENTS 
O- 20 29.7 7 63.5 127 0.6 6.4 3.5 53.4 1.5 35.6 5 .8  2.2 2.1 169 2.6 
40- 60 27.3 8.4 64.3 108 0.7 6.4 2.7 29.6 0.8 36.4 3.6 1.6 1.9 107 7.7 
41 7.1 
d 
0.7 v, 80-100 34  14 52 25 I .5 6.3 6.5 11.7 0.4 31.6 1.08 0.3 
T a b l e  4b.  A n a l y t i c a l  d a t a  of some a c i d  sulphare s o i l e  
S a c u r a e e d  I x t r a c c  S o i l  pH F u l v i c  Humic 
a c i d .  a c i d .  T o t a l  S EC pH Fe,0 A l  0 ,  Depth C l a y  S i l t  Sand M o i s t u r e  Bu lk  Eh F r e s h  A i r -  - 3  2 
% mS/cm mg/1 m d l  
d r i e d  C%o N%o C/N C%O c % O  
cm % % % c o n t e n t  % d e n s i t y  mV 
HALIC SULFAQUEPTS 33 
0.86 380 3.5 3.6 9.8 0.52 18.8 0 .6  0.14 2.6 100 3.9 70 w O- 20 65 29 4.3 
z 42 0.91 430 3.2 3.4 13 0.65 20 1.95 1.38 3.8 185 3.4 15 < 20- 40 6 3  28 ' 2 . 9  0.51 290 3.6 2.6 30.2 1 -  29 4 .  3.5 3.9 245 2.7 510 1780 $ 50- 70 62 33.2 2.7 129 2970 
36 0.89 480 3.7 3.5 16 0.9 28.2 0 . 5  82.1 3.6 31.2 I I  
71 0.65 580 3.5 3. 8.4 0 .5  15.8 2.0 80 .  3 .4  56.6 18 
67 
U 
210 3.7 2.8 22.2 0.86 25.8 2.36 1.5 4.9 260 2.3 
90-110 66 31 .2  2.6 
O- 15 77.4 19.2 3.5 
5 20- 40 77.6 17.8 4.5 i 50- 70 72.7 23.7 1.6 128 
u 
1 . 1  
O .  7 
0.47 480 3.6 3 .1  IO 0 . 4  22.7 
80-100 7 2  25 4.3 137 0.45 280 3.5 3.1 13.6 0.7 20 21 
51  0.97 3.5 3.6 7.9 0.27 29.3 5.2 4.6 3.9 2 8 1  3.1 1200 125 
26 I .3 3.5 2.3 3.1 0.25 12.4 4.3 1.4 2.4 275 1 . 7  3500 2400 
4 .  3.6 1.72 0.1 17.2 299 3 . 5  50 
O- 20 8.9 5.5 82.7 
4.4 365 I .5  2000 1220 5 40- 60 32.5 9.8 56.6 
O 93 0.7 3.6 2 . 1  26.5 0.64 41.4 4.6 2.5 d 60- 80 45.4 13.2 41.4 
80-100 26.3 15.Y 7.8 in 
d 
SULF TC HALAOUEPTS 
w o- 20 80 5 . 5  5.4 23 1.3 17.3 1.08 1.08 0 .4  27 5.6 
60 0.96 200 5.2 5.3 13.4 0.76 17.6 0.9 1.56 0.6 35 5.4 3 20- 40 2 45- 65 81 0.67 250 4.5 1.9 30.2 1.16 26 2.8 3.6 
U z
3 . 2  180 3.1 390 872 
4.5 225 2.6 760 2430 
81 0.67 - 50 4.7 2 .6  37.4 1.25 29.9 1.5 2 .3  u 80- 1 O0 
O- 20 54.6 24.4 21 9 2  0.62 230 5.6 5.4 34.8 
1.7 21 1.7 0 .53  0.3 55 7.1 
4 20- 40 61.8 25.1 13.1 95 0.63 280 5.7 5 .3  30 
1 . 1  27 1.75 0 . 3  0 .5  70 6.5 
H 1.27 4.6 1 4 2  2.7 276 765 
40- 60 67.4 29 3.7 ' 146 0.45 - 10 6 .  2.3 70 2.3 30.3 4 .  
80-100 52.3 33.8 13.3 148 0.44 -180 6.2 2.1 58 1.8 
32 3.95 0.9  6 .1  163 2.6 252 645 J 
5 .  1.6 0 .12  13.7 2.85 0 .35  150.4 5.8 
Z 20- 40 28.1 12 68.6 25 1.4 6.4 3.7 8.6 0 .32  26.9 4.95 3.32 219 3.6 
274 2 . 2  4 60- 80 32 12 56.2 66 0 .9  4.3 2.7 14.4 0.43 33.5 5.2 1.8 
75 0.8 5.2 2 . 6  19.8 0 .63  21.4 2.36 0.6 '320 2.2 
O- 20 11.6 8.5 77.5 
a 
--- 
100-120 43.1 9.7 51.7 'li 
, . :  
Phys ica l  r ipening  i n  t h i s  l a t t e r  zone does no t  proceed beyond the  near ly  
un r ipe  and ha l f  r i p e  s t ages  (N va lues  1.0 t o  2 .0 ) .  Deeper in l and ,  i n  the  
' t anne '  a r eas ,  r ipening  i n  the  upper 40 c m  may reach the  n e a r l y  r i p e  
s t a g e  (N va lue  0.7 to' I . '0 ) ,  bulk d e n s i t i e s ,  however, remain below 1.0. 
The water content  of clayey top s o i l s  i n  t h e  ' t anne '  a r eas  may f a l l  
below 40% and s a l t  c r u s t s  may be formed on t h e  su r face ,  bu t  no s i g n i f i -  
can t  cracking occurs and the  s t r u c t u r e  remains massive wi th  many pores. 
S o i l  colours  do change with r ipening .  Matrix colours  of t h e  unr ipe  clay 
are normally dark grey ( 1 0  YR 311 - 411 o r  N 310 - 4 / 0 1  and these  turn  
t o  brownish grey (10 YR 412 - 512) i n  t h e  h a l f  r i p e  and n e a r l y  r i p e  
horizons.  A t  t h e  same t i m e  brown and yellow and, r a r e l y ,  r e d  mot t l e s  âp- 
pea r .  Typical  i s  the  p a l e  yellow j a r o s i t e ,  i n i t i a l l y  a s soc ia t ed  with 
r o o t  remains. 
I n  t h e  Saloum es tuary  and l o c a l l y  near  t h e  mouth of t h e  Casamance Rever, 
t h e  patchy occurrence of very f i n e  sandy s o i l  material causes  i r r e g u l a r  
p a t t e r n s  of r ipening ,  water conten t  and bulk dens i ty .  Textures  vary 
widely among horizons and r i p e  su r face  s o i l s  and sandy s u b s o i l  l a y e r s  
may occur toge ther  wi th  ha l f  r i p e  pea ty  sandy c lay  horizons.  
S t r u c t u r e  and mot t l ing  of top s o i l s  of t hese  sand ie r  s o i l s  are s i m i l z r  
4.3 
A t  p re sen t  t h e  f i e l d  pH i n  s o i l s  of bare  tannes with sa l t  c r u s t s ,  v a r i e s  
between 3.0 and 3.7 down t o  100 cm, except  f o r  a temporary r i s e  to pH 5 
to 6 i n  the  su r face  s o i l ,  s h o r t l y  a f t e r  ra instorms o r  spr ing  t i d e  inun- 
da t ions .  I n  t h e  d a i l y  inundated t i d a l  f l a t s  f i e l d  pH v a r i e s  a t  p re sen t  
between 5 and 6 aga ins t  formerly (before 1972) 6 and 7. Along t h e  creek 
banks f i e l d  pH va lues  have n o t  changed. Depending on the  composition of 
the creek water ,  they range from 6 .0  t o  6.5 f o r  weakly brackish  and up 
to  7.3 f o r  hypersa l ine  t i d e s .  
Organic matter I. 
In the  s o i l s  under Rhizophora f o r e s t  and i n  the  reduced subso i l s  of 
' t annes ' ,  f i b r o u s  r o o t  remains of Rhizophora a r e  common and o f t en  a r e  
the most conspicuous c o n s t i t u a n t  of t he  s o i l .  Organic mat te r  conten t  ex- 
pressed as C-content of these  l aye r s  o f t e n  exceeds 5% and may reach  up 
t o  15%. C/N r a t i o s  range between 20 and 40 i n d i c a t i n g  a low degree of 
decomposition. Fu lv ic  ac ids  normally predominate over humic ac ids .  
In the p a r t l y  r ipened and oxidized top s o i l s  of t h e  tannes,  considerable  
decomposition of f ib rous  r o o t  remains has taken p lace  a s  can be deduced 
from abundant open p inholes  i n  t h e  massive c lay .  C-contents i n  these  
horizons f a l l  below 3% and C/N r a t i o s  below 20. 
Su Zp hur 
Sulphur conten ts  of pa ren t  ma te r i a l s  range from 1 t o  4% f o r  mud sands 
and 3-10% f o r  mud c lays .  Most of t he  sulphur  comes from micro c rys t a l -  
l ine c l u s t e r s  of p y r i t e  embedded i n  organic  mat te r ,  e spec ia l ly  i n  f i -  
brous roo t  remains of Rhizophora. I n  the  tanne zones, s o i 1  horizons with 
j a r o s i t e  mot t l e s  have lower sulphur  conten ts .  The lowest S-contents 
(bekm 0 . 5 2 )  a r e  found i n  t h e  ha l f  r i p e  o r  nea r ly  r i p e  top s o i l s  without  
J a r o s i t e  mot t les .  I n  t h e  j a r o s i t e  horizons sulphur  comes mainly from the 
J a r o s i t e  and near  t h e  su r face  from water so lub le  su lpha tes  and gypsum. 
In the Saloum es tua ry  gypsum c r y s t a l s  a l s o  occur deeper i n  the  p r o f i l e .  ' 
conspicuous gypsum c r y s t a l s  a r e  Eound i n  the powdery s a l i n e  
Of bare  tannes. I n  t h e  Casamance, r ecen t ly  with inc reas ing  
c l ima ta l  a r i d i t y ,  a t  t he  b a s i s  of t h e  powdery c r u s t  a t h in  gypsum bed is 
formed. 
SoZui,le sa l t s  and salini@ 
A l l  s o i l s  of t h e  mangrove a rea  a r e  more o r  l e s s  s a l i n e  i n  n a t u r a l  Condi- 
t i o n s .  During t h e  prolonged dry season l o s s e s  by evapo t ransp i r a t ion  are 
l a r g e l y  balanced by s a l i n e  t i d a l  water from t h e  creeks.  AS a r e s u l t  
ground wa te r l eve l s  r a r e l y  f a l l  below 50 cm under the  su r face  except i n  
the  areas  f a r  from the creeks where t i d a l  waves dampen and subsurface 
l a t e r a l  i n f l u x  of s a l i n e  ground water only p a r t i a l l y  compensates evapo- 
t r a n s p i r a t i o n  lo s ses .  S a l i n i t y  of t h e  ground water i nc reases  from the  
c reek  banks inward t o  a l e v e l  s e v e r a l  times t h a t  of s ea  water (Tables 5 
and 6 ) .  Desa l in i za t ion  during t h e  s h o r t  r a iny  season proceeds only 
s u p e r f i c i a l l y  i n  t h e  modal vege ta t ion  and s o i l  sequence (Table 5) .  
Table 5. E l e c t r i c a l  conduct iv i ty  (mS/cm) of s a t u r a t i o n  e x t r a c t s  of s o i l  
sampled a t  t h e  end of t h e  r a i n y  season 
t Mangrove f o r e s t  Bare tanne 
<k,tS 6 .  h a l y t i c a l  d a t a  of c r e e k  and groundwater i n  t y p i c a l  v e g e t a t i o n  
Creak, M = mangrove f o r e s t  w i t h  Rhizophora ( r )  o r  Avicennia  ( a ) ,  
sequences 
. 
i canne, d a i l y  inundated  ( i )  o r  w i t h  s a l i n e  s u r f a c e  c r u s t  (s) 
7.2 45.9 600 105 2.35 23.0 118.4 10.5 510  0.064 
6.2 66.7 920 104 2.11 36.8 192.0 16.4 780 0.100 
6.4 84.0 1260 128 1.66 42.8 262.4 22.0 1080 0.160 
6.6 77.5 1120 122 1.55 44.8 233.6 19.6 940 0.136 
4.3 86.2 1300 127 - 33.6 275.2 22.2 1090 1.060 
3.6 103.1 1690 230 - 35.2 451.2 18.6 1430 1.340 
7.6 43.7 360 51.4 0.9 11.6 7 2  10.5 340 0.18 
7.9 40.1 344 42.9 2.0 11.2 7 2  9.6 310 0.19 
7.9 45.3 400 60.0 1.5 13.2 112 11.9 350 0.12 
8.0 49.7 424 51 .4  1.6 13.6 ' 8 4  12.8 380 0.60 
28.4 148 16 590 1.06 3.5 75.0 676 85.7 - 
44.0 224 24 820 1.33 k--...- 2.8 107.8 1000 128.6 - 
I e.- - 
8.0 88.1 800 80.6 2.6 29.2 176 14.2 665 0.03 
i 
8.0 97.0 800 9 2 . 3  2.6 29.6 184 15.4 665 
8 - 0  127.0 1160 128.6 3.7 39.8 272 21.0 1000 0.20 
ti*, 
7.5 197.2 1760 171.4 1.2 41.8 416 34 1500 0 - h 2  
37.6 428 38 1600 0 .70  
3 - 5  283.0 2600 214.3 - 41.2 536 52 2300 1 - 0 9  
'L. 
Q'. 4.3 212.3 1860 162.8 - 
-+ 
119 
Table 6 demonstrates t h a t  both h ighes t  s a l i n i t y  and a c i d i t y  occur i n  the 
bare  tannes wi th  s a l t  c r u s t s  a t  t h e  su r face  e.%. i n  t h e  zone where, 
during t h e  dry season, evapot ranspi ra t ion  exceeds replenishment by t i d a l  
water  and where t h e  p y r i t i c  s u b s o i l  i s  l i a b l e  t o  be exposed t o  t h e  
atmosphere t o  g r e a t e r  depth. 
The i n c r e a s e  i n  d isso lved  su lpha te  during the' formation o f*  hyper s a l i n e  
ground water  i s  less than t h e  inc rease  i n  ch lo r ide ,  even though con- 
s i d e r a b l e  amounts of su lpha te  must be l i b e r a t e d  during p y r i t e  ox ida t ion  
under t h e s e  condi t ions  (Table 6 ) .  Sulphate  concent ra t ions  a r e  probably 
kept  r e l a t i v e l y  low by p r e c i p i t a t i o n  of gypsum and j a r o s i t e ,  which a r e  
very conspicuous i n  these  s o i l s .  
Dissolved Si02 i n  the  ground water  i nc reases  both absolu te ly  and pro- 
p o r t i o n a l l y  ( t o  Cl-) when going from creek banks t o  tanne cen t r e s .  I n  . 
view of t h e  presence of s i l i c i f i e d  Rhizophora r o o t s  i n  bare  tannes 
(Marius 1976) its concent ra t ion  probably exceeds t h e  amorphous s i l i c a  
s o l u b i l i t y  (2 mmol/l) a t  t i m e s .  I n  t he  very ac id  tanne cen t r e s  d isso lu-  
t i o n  of s i l i c a t e s  (c lay  minerals)  i s  probably t h e  source of d i s so lved  
s i l i c a .  
I n  aqueous e x t r a c t s  of subso i l  samples, which t u r n  extremely ac id  (pH 
2.5-3) i n  t h e  labora tory ,  so lub le  i r o n  and aluminum may reach  conten ts  
of up t o  3.5 g Fe or 2.5 g A l  per  l i tre.  Under n a t u r a l  condi t ions  i n  the  
f i e l d ,  t h e  pH normally does no t  f a l l  below 3.2 and concent ra t ions  w i l l  
probably n o t  r i s e  above about 700 mg F e l l i t r e  and 50 mg A l / l i t r e .  How- 
ever, in t roduc t ion  of drainage systems might cause much more extreme 
a c i d i f i c a t i o n  i n  t h e  f i e l d ,  wi th  concomitant h igher  l e v e l s  of s o l u b l e  Fe 
and A l .  
4.4 S o i l  c l a s s i f i c a t i o n  
The r e g u l a r  s o i l  sequence between creek banks and tanne cen t r e s  com- 
p r i s e s  p o t e n t i a l  and a c t u a l  ac id  su lpha te  s o i l s  and sometimes pa ra  a c i d  
su lpha te  s o i l s  t h a t  a r e  s t rong ly  s a l i n e  and l o c a l l y  hypersa l ine .  S o i l  
samples from t h e  whole p r o f i l e  under t h e  mangrove f o r e s t  and from depths  
below 40 cm i n  tanne areas usua l ly  have sulphu? conten ts  exceeding 
0.75%, N values '  over 1.0 and a pH of t h e  a i r -d r i ed  s o i l  below 3.5. S o i l s  
I n  l i t e r2  
f r equen t  j 
p r e s e n t s  
tem. 
f i d i c  c l ays  under Rhizophora have more than 30% organic  mat te r  over more 
ïhan ha l f  of t h e  p r o f i l e  depth,  s o i l s  are c l a s s i f i e d  a s  Halic Sul f i -  
'seais ts. 
In the  deepest  developed s o i l s  t h e  pH of t h e  su r face  l aye r  may be  above 
5.0, bu t  decreases  wi th  depth  t o  3.5 a t  50 cm below t h e  su r face  and 
j a r o s i t e  mot t l e s  are common. These s o i l s  a r e  S u l f i c  Halaquepts. 
3esa l in ized  ac id  su lpha te  s o i l s  wi th  very  r i p e  brown and red  mott led 
surface hor izons ,  j a r o s i t i c  subsurface horizons and wi th  a pH of the  
a i r -dr ied  s o i l  between 3.5 and 4.0 wi th in  50 cm depth,  occur l o c a l l y  i n  
the Senegal d e l t a  and i n  some v a l l e y s  of the  Casamance (Bai la )  i n  o l d e r  
te r races .  These s o i l s  a r e  about  t h e  most developed ac id  su lpha te  so i l s  
of Senegal and belong t o  t h e  S u l f i c  Tropaquepts of t h e  S o i l  Taxonomy. 
In l i t e r a t u r e  on the  s o i l s  of t he  mangrove a rea  of Senegal and Gambia, 
frequently o t h e r  s o i l  c l a s s i f i c a t i o n  systems have been appl ied .  Table 7 




Table 7 .  Correlat ion of s o i l  c l a s s i f i c a t i o n s  
S o i l  Taxonomy FAO CPCS OR ST OM^ ---- 
1 
Sulf ihemis t Thionic S o l s  hydromorphes 
F l u v i s o l  organiques-tourbeux- 
eutroph e 
Ha l i c  Thionic So 1 s hy d r  omorph es 
Sulf aquent Fluviso 1 moyennement organiques 
S o l s  peu évolués non- 
climatiques-d'apport  s a l é s  
S o l s  humiques 2 gley-salés  
H a l i c  Gleyic So l s  halomorphes à 
Sulfaquept . Solontchak s t r u c t u r e  non dégradée- 
s a l i n s - a c i d i f i é s  
S u l f i c  Gleyic S o l s  halomorphes 2 
Halaquep t Solontchak s t r u c t u r e  non dégradée- 
s a l i n s - a c i d i f i é s  
Ha l i  t h ioso l  
organique 
Hal i thios01 
h a l i q u e  
H a l i s o l  
s u l f u r é  
Ha l i su l foso l  
h a l i q u e  
H a l i s o l  
ac idosu l f  a t é  
author monitored these  environmental changes from 1973 through 1978 with 
spec ia l  emphasis on a sequence of vege ta t  
I that  had been s tudied  i n  d e t a i l  e a r l i e r  ( 
1972b). The main changes observed w i l l  be 
They a r e  i l l u s t r a t e d  by Table 8. 
on and s o i l  i n  Lower Casamance 
967-1971) by V i e i l l e f o n  (1969, 
summarized i n  the  following. 
Table E. Changes i n  v e g e t a t i o n ,  pH of s o i l  i n  s i t u  and s a l i n i t y  of  ground water (mS/cm) i n  t h e  
mangrove a r e a  of Senegal due  t o  advance of c l i m a t a l  a r i d i t y  s i n c e  1971 
Yay 1971, dry  season  
Vegetation Rhizophora f o r e s t  Avicennia a f r i c a n a  Tanne 
sequence: 
Rh. racemosa Rh. mangle + Sesuvium Bare Herbaceous 
+ PaspaLum + Sci rpus  + Phi loxerus  s a l i n e  c r u s t  Eleocharus 
IO cm 6 . 6  6 . 9  6 . 7  5 . 6  
pH 50 cm' 7 . 1  5.8 5.8 5 . 4  
70 cm 6 . 9  5 . 6  4 . 9  5 . 2  
Sa l i n i  cy 5 0  7 0  90- I O0 ao 
'QY 1974, dry  season  
teseca t ion  Dead trees T a n n e  
sequence: 
Bare Pacches of  Sesuvium , Closed cover of  Bare Bare 
s u r f a c e  ?aspalum+Eleocharus Sesuvium s a l i n e  c r u s t  
10 cm 5.7 5 . 5  3 . 3  4 . 3  
?H 50 cm 5 . 9  3 .5  3 .0  4 . 6  
90 cm 5 . 9  4 . 8  3 . 4  6 . 0  
s a l i n i  cy 95 I15 I30 130 
'7 1978, dry  season  
'*<:cation Bare s u r f a c e  T a n n e  
.=nie"'e: 
R 
Bare Bare Closed cover of Sesuvium - -- s a l i n e  c r u s t  
5 . 3  4.1 3 .0  5 . 3  
5 . 3  3 . 6  3 . 2  3 .4  
6 . 0  4 .  I 3 . 3  4 .4  
10 cm 
10 CO 
I _ i L t i C c  
?P. i o  
i50 150 I25 105 
"'aber 1 9 7 8 ,  r a i n y  season  
't:+cacion Bare i ivicennia a f r i c a n a  
'hiVence: surface regrowth'  
- 
T a n n e  
--K 
Zleorlharus, Sporobulus Bare Bare 
----- + Sesuvium + Srsuvium + Eacopa s a l i n e  c r u s t  
6.1 5.2 3 .5  3.2 
4.5 3 . 4  3 . 3  5.6 





?O 35 I I5 90 
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AS a r e s u l t  of the  drought, evapot ranspi ra t ion  d e f i c i t s  during the  dry 
Season increased and i n  t h e  mangrove a rea  s o i l  s a l i n i t y  increased .  on 
t h e  o ther  hand the  t i d a l  e f f e c t s  w e r e  damped a t  c lose r  d i s t ance  from th 
creek banks s o  t h a t  groundwater f e l l  t o  lower l e v e l s  e s p e c i a l l y  towards 
t h e  c e n t r a l  p a r t s  of t he  tannes. 
I n  t h e  Rhizophora zones along creek banks, t he  s a l i n i P y  used t o  be 
s i m i l a r  t o  t h a t  of t h e  creek water, bu t  t r i p l e d  a f t e r  t he  drought. 
I n  t h e  in te rmedia te  zone wi th  Avicennia a f r i c a n a  trees and h a l o p h i t i c  
he rbs ,  bo th  s a l i n i t y  and a c i d i t y  increased .  
The s o i l s  along the  creek banks d id  not  show conspicuous changes i n  
hor izon  development, a p a r t  from the  r i s e  i n  s a l i n i t y  during t h e  pro- 
longed dry per iods  and a s l i g h t  drop i n  pH. I n  the  c e n t r e  of t h e  tannes 
t h e  re la t ive inc rease  i n  s a l i n i t y  was less, but  he re  lowering of the ' 
ground water l e v e l  brought about f u r t h e r  ox ida t ion  of s u l p h i d i c  Subsoil 
r e s u l t i n g  i n  extreme a c i d i f i c a t i o n  t h a t  even a f f e c t e d  t h e  top s o i l .  A t  
t h e  same t i m e  t h e  p r o f i l e  deepened s l i g h t l y ,  and some r ipen ing  of sub- 
s o i l s  and segrega t ion  of brown mot t l e s  took place.  I n  t h e  t o p s o i l  s a l t  
c r u s t s  rep laced  shallow AI  hor izons i n  p l aces  where t h e  herbaceous vege- 
t a t i o n  had died. Gypsum c r y s t a l s  became very conspicuous near  and on the 
su r face  and white  powdered s i l i c i f i e d  r o o t s ,  i d e n t i f i e d  as opal-crysto- 
b a l i t e ,  became a normal phenomenon. 
The changes i n  vege ta t ion  were much more spec tacular .  The Rhizophora 
f o r e s t  d i ed  leaving  bare  f l a t s  t h a t  later on were p a r t l y  colonized by 
Avicennia a f r i cana  trees toge ther  w i th  herbaceous pa tches  of Sesus iv im 
por tu lacas t rum from t h e  ad jacent  land inward zone. I n  t h e  o r i g i n a l  Avi- 
cennia  a f r i c a n a  zone a l l  trees d ied  and a l l  herbaceous spec ies  except 
Sesuvium disappeared. I n  the  o r i g i n a l  herbaceous tanne all vege ta t ion  
d i ed  and t h e  su r face  became encrus ted  wi th  sal ts  as i n  t h e  ad jacen t  bare 
tanne. Some of the herbaceous spec ie s  l a t e r  on reappeared i n  t h e  Avi- 
cennia  a f r i c a n a  zone toge ther  with Sesuvium. The genera l  t rènd  was f a r  
t h e  f o r e s t  t o  disappear  and €o r  t h e  ba re  f lats,  e s p e c i a l l y  t h e  s a l t  
c r u s t e d  b a r e  tanne, t o  expand a t  the c o s t  of the herbaceous tanne 
(F igures  4 ,  5, 6, 7, 8 and 9 ) .  
e 
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Figure 4 .  Aerial photograph of mangrove forest and tanne association 
near Balingoré (Casamance) in 1969 
.-- 
‘Igure 5. Aerial photograph of same area of Figure 4 ,  but taken in 1978, 
“Owing shifts in vegetation boundaries 
Figure 6.  Changes i n  vege ta t ion  i n  mangrove area i n  t h e  Casamance, 
S i t u a t i o n  i n  1978. Remains of former Rhizophora mangle and Avicennia 
a f r i c a n a  f o r e s t ,  died s ince  1972 due t o  inc reas ing  s o i l  s a l i n i t y  and 
a c i d i t y .  In t h e  background a narrow s t r i p  of surv iv ing  Rhizophora race- 
mosa on t h e  very bank of t h e  c reek ,  
.. . 
Figure  7. Changes i n  vege ta t ion  i n  t h e  mangrove a rea  i n  t h e  Casamance. 
S i t u a t i o n  i n  1978. Bare tanne. I n  t h e  foreground a l g a l  remains on sali 
c r u s t ,  which appears shiny whi te  i n  t h e  c e n t r a l  s ec t ion .  The da rke r  bare 
su r face  along t h e  remaining f o r e s t  p r i o r  t o  1972 was  covered wi th  man- 
grove f o r e s t  (Figure 6) and i s  d a i l y  inundated by the  t i d e .  
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Figure 8. Soil sequence in Saloum estuary: Rh. racemosa, Rh. mangle, 
bare tanne daily inundated 
Figure 9 .  Saloum estuary: 
left: bare tanne inundated 
bare tanne with saline crust 
I27 
by 
These dramatic changes i n  vege ta t ion  and s o i l  t h a t  were t r igge red  off  
a sequence of few dry years  with annual mean r a i n f a l l  25% below t h a t  of 
p r i o r  per iods ,  demonstrate t h e  d e l i  c a t e  cha rac t e r  of t h e  n a t u r a l  eco- 
l o g i c a l  equi l ibr ium i n  the mangrove area. S imi la r  changes have taken 
p l a c e  i n  the  p a s t  as i s  ind ica t ed  by roo t  remains í n  t h e  s o i l .  Reverse 
changes, towards less s a l i n e  and less acid s o i l  condi t ions  and increased 
tree cover, might a l s o  have taken p l ace  i n  per iods  wi th  e i t h e r  more 
p r e c i p i t a t i o n  o r  i n t e n s i f i e d  f lu sh ing  by t i d e s  o r  river water. 
A new n a t u r a l  equi l ibr ium of s o i l  and  vege ta t ion  w i l l  probably es tab l i sh  
wi th  time. The new s a l i n i t y  l e v e l  has  probably been reached already.  
S u l f u r i c  ac id  w i l l  cont inue t o  be r e l eased  temporar i ly  as long a s  resi- 
dua l  p o t e n t i a l  a c i d i t y  remains i n  the  subso i l  hor izon  t h a t  i s  exposed to 
t h e  atmosphere during lower ground water l e v e l s .  Actual s o i l  a c i d i t y  
dur ing  dry  per iods can be expected t o  decrease  when t h e  seasonal  re lease  
of f r e e  ac ids  has decreased t o  a l e v e l  t h a t  can be balanced by neut ra l i -  
z a t i o n  o r  immobilization i n  t h e  s o i l  p r o f i l e  o r  by removal wi th  f loods.  
Ul t imate ly  a pH between 5 and 6 might be reached again.  
t 
I 
6 Trad i t iona l  r i c e  polders  and modern rec lamat ion  j 
! 
p r o j e c t s  i n  the  mangrove area 
Seafood, seasalt and r ice  a r e  t h e  main products  of t h e  mangrove area i n  
Senegal and Gambia. The f l a t  re l ief  of t h e ' i n t e r t i d a l  c l ay  f l a t s  and the 
r e g u l a r i t y  of t i d a l  amplitudes f a c i l i t a t e  t h e  cons t ruc t ion  of small- 
scale polders ,  d ikes  and cana ls  and t h e  water  management i n  s a l i n a s ,  
paddy f i e l d s  and f ishponds.  The mangrove f o r e s t  provides  wood f o r  f u e l ,  
cons t ruc t ion  of boa ts ,  houses, s l u i c e s  and implements. Transpor ta t ion  by 
boa t  i s  favoured by t h e  omnipresence of in te rconnec ted  waterways and the 
r e g u l a r i t y  of r ecu r ren t  winds and t i d e s .  
A t  least  1500 mm of r a i n  i s  r equ i r ed  f o r  a marginal crop of rainfbed r i c e  
i n  t h e  saline s o i l s  of t h e  mangrove area. I n  t h e  Senegal and Saloum es- 
tuaries t h e  climate i s  too  dry f o r  r i c e  and here f i s h e r y  i s  t h e  major 
t r a d i t i o n a l  b a s i s  f o r  subs is tence .  I n  t h e  Gambia and the Casamance 
n a t u r a l  condi t ions a t  least  w e r e  favourable  - f o r  paddy product ion.  In  the 
Gambia f r e s h  water i s  suppl ied by r a i n  and r i v e r  toge ther ,  i n  t h e  
Casamance by r a i n  alone.  With t h e  decrease of t h e  mean annual 
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prec ip i t a t ion  from 1546 mm p r i o r  t o  1972 t o  less than 1200 mm l a t e l y ,  
r i ce  product ion i n  the  Casamance e s tua ry  has become r i sky .  
fie t r a d i t i o n a l  water  management and c u l t u r a l  p r a c t i c e  i n  t h e  Casamance 
were wel l  adapted t o  t h e  p r e v a i l i n g  condi t ions .  For r i c e  polders  Rhizo- 
phora f o r e s t  zones were p re fe r r ed ,  t h e  s a l i n i t y  of which used t o  be  t h e  
lowest of t h e  normal s o i l  sequence (Table 8, May 1971). Dikes of 1 t o  
1.5 m high  with crests about 20 cm above maximum sp r ing  t i d e  l e v e l ,  were 
b u i l t  up wi th  c l ay  excavated from a t rench  along the  dike.  For s l u i c e s  . 
hollow tree trunks , pre fe rab le  of palms , were embedded a t  var ious  l e v e l s  
in the d ike  body, allowing maintenance of var ious  water l e v e l s  i n  t h e  
polder. The lowest s l u i c e  was s i t u a t e d  below the  o r i g i n a l  su r f ace  wi th  
i ts  o u t l e t  i n  t he  trench. For ga t e s  f ib rous  s tops  impregnated with c l ay  
were used and sometimes wooden f l a p  ga tes .  
.A€ t e r  c los ing  t h e  d ike ,  c l e a r i n g  w a s  done i n  the s u p e r f i c i a l l y  drained 
polder. The c u t  wood w a s  t ranspor ted  f o r  use elsewhere, remaining stumps 
and roots  were removed c a r e f u l l y  from the  s o i l  and l o c a l l y  d r i ed  and 
burned. Then a g r i d  of s u p e r f i c i a l  d i t c h e s  w a s  dug and t h e  excavated 
f l a t  t opso i l  clods were l a i d  on t h e  i n t e r j a c e n t  su r f ace  a reas  t o  form 
raised cambered beds a few square meters  each. 
Desalinization by a l t e r n a t i v e  f looding  and f lu sh ing  with r a i n  water  f o r  
one o r  two r a iny  seasons w a s  necessary  f o r  successfu l  growth o f  t rans-  
Dlanted r i c e .  Thorough drying of t h e  s o i l  during the  dry season was 
Prevented by l e t t i n g  i n  s a l i n e  water  i n t o  t h e  s u p e r f i c i a l  d i t ches ,  
aithout f looding t h e  beds. Regular annual d e s a l i n i z a t i o n  of the  t o p s o i l  
be taken ca re  of by t h e  f i r s t  heavy r a i n s  of t he  season. 
%poldering normally s t a r t e d  a t  t h e  in l and  s i d e  of the  Rhizophora zone 
l a t e r  expanded towards the  r i v e r  bank (Figure 10). In a reas  wi th  
strongly e ros ive  t i d a l  cu r ren t s  t he  r i c e  polders  were pro tec ted  by a 
series Of per iphe ra l  po lders  the  f o r e s c  of which would not  be cu t  f o r  
years , al though i n i t i a l  d e s a l i n i z a t i o n  would proceed. Moreover , 
'Uter dikes were cons t ruc ted  s e v e r a l  t ens  of meters from t h e  banks, 
leaving a f r i n g e  of mangrove f o r e s t  i n  t he  f r o n t  land. 
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Figure  10. Trad i t iona l  r i c e  polders  i n  t h e  Casamance e s tua ry  ( a f t e r  
P e l i s s i e r  1966) 
This t r a d i t i o n a l  system could no t  cope e f f e c t i v e l y  wi th  t h e  enhanced 
s a l i n i t y  a f t e r  t h e  c l i m a t i c  drying s t a r t e d  i n  1972. Also t h e  system was 
no t  well-suited f o r  modern cap i t a l - in t ens ive  p r a c t i c e s ,  such a s  t r ans -  
p o r t a t i o n  by road, i r r i g a t i o n  from r e s e r v o i r s ,  e t c . ,  which r e q u i r e  
o rgan iza t iona l  c e n t r a l i z a t i o n .  
Large-scale reclamation p r o j e c t s  €o r  paddy production have been proposed 
and r e a l i z e d  even before  1972. The more important of these are s i t u a t e d  
i n  t h e  Lower Casamance where t h e  mangrove f l a t s  p e n e t r a t e  i n t o  t h e  va l -  
l e y s  of t r i b u t a r i e s  such as t h e  Kamobeul, Guidel, Bignona, Ba i l a  and 
Soungrougrou. Upstream of t h e  t i d a l  a r e a  t h e  va l l eys  a r e  dammed t o  
r e g u l a t e  t he  f r e s h  water supply. Downstreams where t h e  v a l l e y  widens t o  
t h e  e s tua ry ,  a concrete dam wi th  wooden ga te s  i s  cons t ruc ted  i n  t h e  
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r i ve rbed  t o  exclude s a l i n e  t i d e s  and inc rease  dra inage  capac i ty ,  f o r  in- 
t e n s i v e  leaching of s a l t s  from t h e  upstream mangrove a rea ,  now provided 
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with i n t e g r a t e d  drainage and road systems and c leared  and prepared f o r  
paddy product ion.  S o i l  s a l i n i t y  w a s  considered the  main problem and 
p o t e n t i a l  a c i d i t y  w a s  underest imated.  
The i n t e n s i v e  i n i t i a l  l eaching  and d e s a l i n i z a t i o n  of t h e  mangrove f l a t s  
‘nas provoked extreme a c i d i f i c a t i o n  i n  seve ra l  of these  reclamation pro- 
j e c t s .  In  some po lde r s  reclaimed i n  1967 t h e  pH of t h e  t o p s o i l  dropped 
as low as 2 .7  i n  1971 (Beye 1972). Since 1972 decreasing r a i n f a l l  ham- 
yered d e s a l i n i z a t i o n  and caused increased  a c i d i f i c a t i o n .  Many of t h e  
l a rge  polders  w e r e  a f f e c t e d  by t h e  c l ima t i c  change even much more 
severely than t h e  t r a d i t i o n a l  r a i n f e d  paddy f i e l d s ,  where deep dra inage  
vas never p rac t i s ed .  
In r e t r o s p e c t  one might conclude t h a t  t he  over-emphasis on co r rec t ing  
s a l i n i t y  i n  the  polders  l ed  t o  over-drainage, and, l i k e  most overdosing 
of remedies appl ied  t o  s u b t l e  dynamic systems, i t  r e s u l t e d  i n  the  re- 
verse of t h e  e f f e c t  aimed a t .  
In t h i s  contex t  some o the r  nega t ive  e f f e c t s  of t he  abrupt  exc lus ion  of 
s a l ine  t i d e s  should be poin ted  out.  Open waters a c i d i f i e d  o r  po l lu t ed  
Otherwise, shrimp and seafood i n  genera l  became scarce  and d i seases  fo r -  
s e r l y  nea r ly  unknown i n  t h e  mangrove a rea ,  e.g.  dysentery,  b i l h a r z i o s i s ,  
cyphoid f eve r s ,  became endemic. 
1: i s  ev ident  t h a t  many of t h e  r i c e  polders  cannot func t ion  w e l l  on t h e  
basis of t h e  o r i g i n a l  c r i t e r i a  f o r  reclamation,  layout and water manage- 
Zent. The changes i n  c l imate  a lone  r e q u i r e  t h a t  c r i t e r i a  b e  adapted t o  a 
s i tuac ion  i n  which less f r e s h  water  i s  a v a i l a b l e  p e r  su r f ace  u n i t  and 
%here p o t e n t i a l  s o i l  a c i d i t y  i s  a t  l e a s t  a s  s e r ious  a l i m i t i n g  f a c t o r  a s  
21So the need f o r  o rgan iza t iona l  adapta t ion .  
the t echn ica l  p o i n t  of view and on the  b a s i s  of the p re sen t  
=TTtC of the r i c e  polders  can be  suggested. Improvement measures should 
in’;olve more e f f i c i e n t  use of a v a i l a b l e  f r e s h  water and a more super- 
‘% d e s a l i n i z a t i o n  to  the  upper s o i l  l aye r s  only and by developing and 
“P?Lping c u l t u r a l  p r a c t i c e s  t h a t  decrease t h e  contamination of the top- 
‘aienders adapted to  p e r i o d i c i t y  of  stresses , shouLd a l s o  b e  developed 
I 
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and appl ied.  
Separated i r r i g a t i o n  and drainage systems could improve water use effi ,  
c iency.  Moderately saline water can be used t o  leach sa l t s  from more 
s a l i n e  s o i l s .  I n i t i a l  leaching of hypersa l ine  s u b s o i l s  should be done 
w i t h  brackish  water  o r  even normal s a l i n e  seawater r a t h e r  than with 
f r e s h  i r r i g a t i o n  water. R a i n f a l l  should be used as much as p o s s i b l e  for  
l eaching  of t o p s o i l s  as i s  done i n  the t r a d i t i o n a l  r i c e  polders .  
Levels  of water  i n  canals  and f i e l d s  and t h e i r  s a l i n i t y  and a c i d i t y  
should be  monitored as measures f o r  c o n t r o l  and management. Presence 2q 
l o c a t i o n  and e s p e c i a l l y  t h e  depth of p o t e n t i a l l y  a c i d  p y r i t i c  s o i l  lap- 
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